The relationship between external records of precordial movement XLI, February 1970 Ejection fraction movement records is limited. Agress and Fields4 showed that the first derivative of the left ventricular pressure pulse (dp/dt) bears some resemblance to the external apical records obtained by different technics. The similarity between dp/dt and the first derivative of apical displacement (dF/dt) 
SUMMARY
The relationship between external records of precordial movement and ventricular function has been studied in 61 patients with various cardiac disorders by comparing the records of the apical impulse to the left ventricular volume. A significant correlation between external recordings and the volume data was found in patients with normal or increased ventricular volumes: Patients with a normal record in systole usually had normal end-diastolic and left ventricular stroke volumes; those with a hyperdynamic record in systole usually had an appropriate increase in stroke volume for increased end-diastolic volume; and those with sustained records usually had an increased end-diastolic volume without an appropriate increase in stroke volume, indicating poor myocardial function. Patients with a pressure-loaded left ventricle usually had a sustained record, but this appeared to be related to factors other than volume.
These studies demonstrate that records of the apical impulse may provide useful information about left ventricular function. Ventricular volume measurements for patients in group 1 (normal and mitral stenosis). Upper limit of normal EDV is considered to be the mean value + 2 SD derived from the data of Kennedy et al. 16 and is indicated by the vertical line at 110 mi/m2. The upper limit for normal LVSV is considered to be the mean value + 2 SD from the same source16 and is indicated by the horizontal line at 70 ml/m2. Patients are classified according to type of apical impulse. The regression line relating LVSV and EDV based on the Kennedy data in normals is shown with a solid oblique line and is extrapolated to high EDV and LVSV values with a dotted line. fig. 6 ). Twenty-five of these had hyperdynamic apical impulses, The patient (no. 15) with the normal apical impulse had normal volume measurements. Of the three patients with sustained impulses, one (no. 33) had an inappropriately small LVSV for the elevation in EDV; one patient (no. 22) had normal volume measurements; and the remaining patient (no. 39) had an appropriate increase in LVSV for the elevation in EDV. Group 3 Of the five patients with primary myocardial disease (table 3; fig. 6 ), four had sustained apical impulses, and one had a normal impulse. Of the patients with sustained apical impulses, none had an elevation in LVSV, although three had an increase in EDV. The patient with the normal impulse (no. 44) had a relatively low LVSV although EDV was increased. In this series, the data suggest a relationship between the type of apical impulse and the ventricular volume measurements in normal and volume overload situations (groups 1, 2, and 3) but not in pressure overload situations (group 4) as shown in table 5 . In patients with a normal apical impulse, the mean values for EDV, LVSV, and EF are similar to previously reported normal data. 16 The majority (84%) of patients with normal apical impulses had either a functional systolic murmur or mitral stenosis. That the left ventricular impulse is normal in patients with mitral stenosis relates to the normal or nearnormal left ventricular function in patients with this condition. 23 A hyperdynamic apical impulse is associated with increased EDV and LVSV retaining a near-normal EF which can be considered an appropriate ventricular response. This kind of impulse was found in many patients with mitral or aortic regurgitation who had good ventricular function. Another cause of a hyperdynamic apical impulse is thyrotoxicosis. Although volume measurements were not obtained, 13 thyrotoxic patients were investigated by quantitated external displacement records; 12 of these had a hyperdynamic impulse as judged by our criteria. Thyrotoxicosis is regarded as a high cardiac output state, and stroke volume has usually been elevated at rest in patients with thyrotoxicosis in the absence of heart disease or heart failure,24 although some patients with hyperthyroidism have normal cardiac output at rest.25 Increased sensitivity to catecholamines may be the reason for the hyperkinetic state26 and the resulting hyperdynamic apical impulse.
The sustained apical impulse is associated with increased EDV, but the LVSV is relatively small and inappropriate to the increase in EDV (low EF) by contrast to that in patients who have hyperdynamic impulses. This sustained impulse was frequently seen in patients with primary myocardial disease or 
